ABSTRACT Objectives: To analyze various caries-related factors in orthodontic patients at de-bonding, and to test the null hypothesis that there is no difference in caries risk between governmental and private orthodontic patients immediately after orthodontic treatment. Materials and Methods: A cross-sectional examination was carried out on 89 orthodontic patients aged 13-29 years, mean age 21.5 years. They were divided into two groups based on the center of treatment, governmental group (G) (n 5 45) and private group (P) (n 5 44). The investigation comprised a questionnaire, plaque scoring, caries examination, bitewing radiographs, salivary secretion rate, buffering capacity, and cariogenic microorganisms. Data were entered into the Cariogram PC program to illustrate caries risk profiles. Results: Findings revealed that ''the chance of avoiding new cavities,'' according to the Cariogram, was high in the P-group and low in the G-group (61% and 28%, respectively) (P , .001). Decayed, missing, and filled surfaces (DMFS), plaque index, mutans streptococcus and lactobacillus counts, and salivary buffer capacity were significantly higher in the G-group compared with the P-group (P , .05). The total number of caries lesions at de-bonding in the G-group was more than two times higher than that in the P-group (150 vs 68) (P , .001). Conclusions: The ''chance to avoid new cavities'' in orthodontic patients at de-bonding was less in the governmental group compared with the private group, as illustrated by the Cariogram. The governmental group also had significantly less favorable values than the private group for most of the caries-related factors. (Angle Orthod. 2012;82:267-274.) 
INTRODUCTION
Fixed orthodontic appliances are associated with increased plaque accumulation and high counts of cariogenic microorganisms, and thereby an elevated caries risk. 1, 2 The creation of new retentive areas favors the local growth of mutans streptococci, which in turn increases the levels of these organisms in saliva and around orthodontic appliances. 3, 4 Despite improvements in materials and preventive methods, orthodontic treatment continues to contribute considerable risk of enamel demineralization. 5, 6 Although caries prevalence has declined among children and adolescents in many countries, 7 caries is still a problem in teenagers and adolescents in many developing countries, such as the Kingdom of Saudi Arabia (KSA). 8, 9 In the KSA, governmental clinics offer most dental treatments, including orthodontics, free of charge. On the other hand, patients at private clinics have to pay the full amount for treatment. For this reason, patients have to wait in a long queue to receive orthodontic treatment at governmental clinics. This has caused most patients of high socioeconomic status to seek treatment at private clinics. In the KSA, caries prevalence is higher among children from governmental schools compared with private schools. 9 Recently, a study from Australia showed that patients who visit private dental clinics receive better dental care in comparison with those who attend public clinics.
Dental caries is a multifactorial disease that is caused by the interaction of several factors. Although various factors have demonstrated strong associations with future caries, no single test is able to predict accurately an individual's susceptibility to caries. 11 However, when various caries-related factors are analyzed with the use of a computer-based program, called the Cariogram, 12 a correlation seems evident between illustrated caries risk and caries increment over time for both children and adults, 13, 14 as well as for orthodontic patients. 15 The aims of the present study were (1) to analyze various caries-related factors in orthodontic patients immediately after orthodontic treatment (ie, at debonding), and (2) to compare caries risk profiles obtained by using the Cariogram model between governmental and private orthodontic patients. It was hypothesized that caries risk for patients at governmental clinics is higher than for those at private clinics.
MATERIALS AND METHODS

Study Population and Design
This cross-sectional study was approved by the Ethics Committee at King Saud University, College of Dentistry Research Centre, Riyadh, KSA (Reg. No. NF 2225). It comprised a consecutive sample of 89 patients, who were recruited during a 5-month period from six representative orthodontic clinics in Riyadh, KSA (three governmental and three private). Informed consent was obtained before the start of the examination. Patients were divided into two groups based on the center of treatment: (1) governmental (G) group (n 5 45), with a mean age of 22.5 years, and (2) private (P) group (n 5 44), with a mean age of 21.2 years. All patients were free of any active caries lesions before receiving orthodontic treatment. They were treated with the same type of fixed orthodontic appliances in both jaws for 1.5-2 years (mean treatment time, 21 months). After bonding, routine instructions were given to all patients in both groups (eg, to brush their teeth with a fluoride toothpaste two times daily).
All patients were interviewed and examined at debonding by the first author. Bitewing radiographs, plaque scores, and saliva samples were taken, followed by a clinical caries examination. Intraoral digital photos were taken for illustration purposes.
Questionnaire
Patients were interviewed using a standardized structured questionnaire, as described in the Cariogram manual. 16 Information regarding medical and dental history, dietary habits, and the use of fluoride products was also collected.
Plaque Index
Immediately before de-bonding, Plaque Index (PI) was scored according to Silness 
Salivary Tests
A whole saliva sample was collected just before debonding for measurement of flow rate, buffer capacity, and numbers of mutans streptococci (MS) and lactobacilli (LB). Paraffin-stimulated whole saliva was collected for 5 minutes, and the secretion rate was expressed as mL/min. The saliva was analyzed in terms of buffer capacity and numbers of MS and LB, using chair-side tests (Dentocult SM Strip mutans, Dentocult LB, and Dentobuff Strip, Orion Diagnostica, Espoo, Finland). MS, LB, and buffer capacity were scored in classes (Table 1) , according to the manufacturer's model chart. All saliva tests were checked, and the first author and the laboratory technician agreed on the findings.
Clinical Examination of Caries
After plaque scoring, saliva sampling, and debonding, the teeth were cleaned with a rubber cup, pumice, and dental floss. They were dried with compressed air and then were examined with the use of a mouth mirror, a standard light, and a dental probe. Caries was scored according to World Health Organization criteria. 18 The number of decayed, missing, and filled tooth surfaces (DMFS) was calculated (ie, missing surfaces due to caries were included). Third molars were not included in this study. Bitewing radiographs were evaluated for the presence of proximal caries. White spot lesions were excluded because only frank lesions are considered in the ''caries experience'' according to the Cariogram. 16 
Assessment of Caries Risk Profile (Cariogram)
The Cariogram creates an individual caries risk profile.
16 Data on 10 caries-related factors (Table 1 ) are scored and entered into the program to produce a graphic image that illustrates the ''chance of avoiding new cavities'' as a percentage value. The factor ''Clinical Judgment'' was set to 1 for all patients.
The individual caries profile was estimated and presented in a pie chart with five sectors, expressed as percentages: (1) ''Diet,'' based on a combination of sugar intake and the number of lactobacilli (dark blue sector); (2) ''Bacteria,'' which is a combination of the c For each factor, the examiner has to gather information by interviewing and examining the patient, including performing saliva tests. The result is then given a score on a scale ranging from 0-3 (0-2 for some factors), according to predetermined criteria. A score of 0 is the most favorable value, and a maximum score of 3 (or 2) indicates a high, unfavorable risk value.
plaque score and the number of mutans streptococci (red sector); (3) ''Susceptibility,'' including the fluoride program, the salivary secretion rate, and the buffer capacity (light blue sector); (4) ''Circumstances,'' the past caries experience and general diseases (yellow sector); and (5) ''the chance of avoiding caries'' (green sector).
Statistical Analysis
To estimate the sample sizes, a power analysis was performed. With a significance level of 5%, standard deviations within groups of 30 units, a least detectable difference of 20 units between groups on the Cariogram, and a power for that detection of 80%, a minimum of 36 patients per group was required.
All data were analyzed using the Statistical Package for the Social Sciences (SPSS), version 18.0 (SPSS Inc, Chicago, Ill). Descriptive statistics, including the mean, standard deviations, and ranges for all factors, were calculated for all individuals in both groups. Moreover, median values for the Cariogram were calculated. To determine statistically significant differences between groups, the independent sample t-test was applied to the two main groups; analysis of variance (ANOVA) was used when three or more groups were compared. The chi-square test was used to compare scores. For all tests, the significance level was P , .05.
RESULTS
The governmental group included 19 males and 26 females, and the private group comprised 14 males and 30 females. Gender differences were not statistically significant between the two groups (P . .05). All patients in both groups were healthy and free of any diseases or conditions that could be associated with dental caries. Regarding the fluoride program, 18% of the P-group vs 2% of the G-group used extra fluoride products, in addition to toothpaste (ie, tablets or rinsing solutions). In all, 89% of the G-group and 82% of the P-group used only fluoride toothpaste. Moreover, 9% of the G-group used no fluoride products at all. Differences between the two groups with regard to the fluoride program were not statistically significant (P . .05). Statistically significant differences were noted between the two groups in most caries-related factors (Tables 2 and 3 ). In overall terms, the mean DMFS was higher in the G-group than in the P-group (P , .05). The ''actual chance to avoid new cavities,'' according to the Cariogram, was almost three times higher in the P-group compared with the G-group (61% vs 28%) (P , .001).
The numbers and the locations of caries lesions at de-bonding are shown in Table 4 . The total number of lesions in the G-group was more than two times higher than that in the P-group (150 vs 68) (P , .001). The numbers of occlusal, approximal, and lingual caries lesions in the G-group were two, three, and four times higher, respectively, than in the P-group. To check intraexaminer reliability for clinical caries registration, caries examination was done on two different occasions with 2 weeks in between for 20% of patients, and the Kappa value was 0.86. Figure 1 illustrates the relationship between cariogenic microorganisms and the number of DMFS among G-group patients. No significant difference with regard to DMFS was observed between the different MS and LB classes. Despite this, the trend showed that the more cariogenic microorganisms, the higher was the DMFS. Caries risk as illustrated by the Cariogram was divided into two classes, according to the manual 16 : (1) low (#25%, high caries risk), and (2) high ($75, low caries risk). A third class was added (ie, 26%-74%, medium caries risk). Figure 2 shows the relationship between Cariogram values and the numbers of DMFS in these three classes. Patients with low ''chance to avoid new cavities'' (#25%) had 2.5-3 times more DMFS compared with the group with high values ($75%) in the G-and P-groups, respectively. Two cases were selected, one from each group, based on the median value of the green sector of the Cariogram (G 5 22%, P 5 67%). Digital photos, bitewing radiographs, the Cariogram profile, and related information are presented in Figures 3 and 4 .
DISCUSSION
Results of this study reveal that caries risk in the Ggroup was greater than in the P-group based on the Cariogram; this finding supports the initial hypothesis of this study. The number of DMFS, plaque index, saliva buffer capacity, and counts of LB and MS were the most significant risk indicators for caries risk when the two groups were compared.
The prevalence of caries lesions on different tooth surfaces was higher among G-patients than among P-patients. These findings are in agreement with those of other studies. 9, 10 One explanation may be related to differences in fluoride habits, because all patients from the private clinics regularly used fluoride toothpaste on a daily basis, but 9% of patients from the governmental centers did not use fluoride products at all. It can also be speculated that motivation among patients attending private clinics is better, because they pay for the treatment, while those from governmental centers in the KSA receive the treatment free of charge. However, variations in oral health have been largely attributable to socioeconomic factors and to the regularity of dental attendance rather than to the method of payment itself. 19 A third explanation may be related to the preventive measures provided to patients. Orthodontists at the governmental centers may not spend enough time instructing patients about the importance of oral hygiene and the use of fluoride toothpaste during the fixed orthodontic treatment period. This is so mainly because of the large numbers of patients seen every day at these centers. On the other hand, orthodontists at private clinics and their assistants may spend more time on instructions and prevention to achieve good results and to promote for their practice. It should be mentioned, however, that these explanations may not be applicable to other countries in which the medical health care system is different.
In the present study, a relationship was noted between the numbers of cariogenic microorganisms and DMFS in both groups (even if it was not statistically significant), but this relationship was most obvious in the G-group. These observations are in the line with results of a previous study by our research group among orthodontic patients. 15 On the basis of these findings, controlling the level of cariogenic microorganisms in orthodontic patients could be recommended. 20 Therefore, early diagnosis and risk assessment, including MS and LB counts in saliva, may help the orthodontist to give the patient customized recommendations to reduce the risk of caries.
The computer-based program, the Cariogram, may be a useful tool for illustrating caries risk profiles in orthodontic patients at de-bonding. It has been used previously in children and adults, 13, 14 among endodontic, 21 orthodontic, 15 and periodontal disease patients. 22 The Cariogram is a practical pedagogic tool that can be shown to the patient (as shown in Figures 3 and 4) . Caries prevention programs can be formulated on the basis of these profiles during the course of orthodontic treatment. However, further longitudinal validation of the Cariogram in orthodontic patients is required.
CONCLUSIONS
N The null hypothesis was rejected. In KSA, the chance to avoid new cavities in orthodontic patients at de-bonding appears to be more negative at governmental clinics than at private clinics. N This study shows the importance of improving preventive measures used during orthodontic treatment, especially at governmental clinics. N The Cariogram may be a useful tool for illustrating caries risk profiles for orthodontic patients. 
